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ABSTRACT 
 
 
 
 
Since many years ago many researches have been done in order to find the 
latest, cheaper and more effective ways of getting out of lignin so that they can get to 
the cellulose fibers. Lignin is the main problems in the pulps and paper industries. 
The presence of lignin makes the newsprint turn yellow. Besides that, the presence of 
lignin also contributed to problems such as acid gives off as the woods deteriorates. 
So that, in order to produce fine papers it is needed to removes the lignin. 
Biodegradation of lignin by microorganisms is the latest technology being found to 
replace the conventional method which using chemicals to remove lignin. Using 
microorganisms to removes lignin contributed in reducing cost and besides that, this 
method is really friendly to the environment. The main objectives of this study are to 
screen, to characterized microorganisms from soil that produce the lignin degrading 
enzymes and to analyze the enzyme activity. This process includes of two phases: 
screening process and the characterization process. Screening process was done using 
selective agar containing alkaline lignin. The microbe was characterized using simple 
staining, gram staining, and spore staining. The lignin degrading microbe found was 
tested; the result was a gram positive and, having endospore. The optimum pH was 
found to be in pH 7.0 while the optimum temperature discovered was 50°C with 
enzyme activity at 588.3 µmol/ml/min. 
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ABSTRAK 
 
 
 
 
Sejak beberapa tahun lalu pelbagai kajian telah dibuat dalam mencari jalan 
dan kaedah terbaru, yang paling murah dan lebih efektif untuk mengeluarkan lignin. 
Lignin merupakan masalah utama dalam industri pulpa dan pembuatan kertas. 
Kehadiran lignin menyebabkan kertas yang dihasilkan berwarna kuning. Selain itu, 
kehadiran lignin juga menyumbang kepada masalah seperti perembesan asid apabila 
kayu mereput. Oleh sebab itu, dalam menghasilkan kertas yang bagus dan berkualiti, 
adalah perlu supaya lignin yang terdapat dalam tumbuhan berkayu dibuang terlebih 
dahulu sebelum diproses menjadi kertas. Biodegradasi lignin oleh mikroorganisma 
merupakan teknologi terbaru dijumpai bagi menggantikan kaedah lama pembuangan 
lignin di mana kaedah lama menggunakan bahan kimia yang merbahaya kepada 
manusia dan persekitaran. Dengan menggunakan bacteria pengurai lignin boleh 
mengurangkan kos di samping kaedah ini mesra alam dan tidak mendatangkan 
bahaya kepada persekitaran. Objektif utama kajian ini adalah untuk mengkaji 
pengskrinan dan pengelasan ciri ke atas bakteria pengurai lignin dan pengelasan ciri 
ke atas enzim yang dihasilkan oleh bakteria pengurai lignin. Ia melibatkan dua fasa: 
proses pengskrinan, proses pengelasan ciri. Pengskrinan dibuat dengan menggunakan 
agar pemilih yang hanya mengandungi alkali lignin sebagai sumber karbon. Bakteria 
yang dijumpai diuji dengan staining ringkas, gram staining, dan spora staining untuk 
mengetahui ciri-cirinya. Hasilnya, bakteria yang dijumpai merupakan bakteria gram 
positif dan mempunyai endospore. pH optima didapati adalah pH 7.0 manakala suhu 
optima yang didapati adalah 50°C pada aktiviti enzim bersamaan dengan 588.3 
µmol/ml/min. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction and Problem Statement 
 
 
 Screening of lignin degrader from soil is all about searching microorganisms 
which produce enzyme that degrades lignin. Lignin is a substance in trees that hold 
cellulose fibers together. Lignin is found in all vascular plants and it functions are to 
regulate transport of liquid in the plant and to reinforce the cell walls in order to 
avoid them from collapsing. Besides, the advantage of lignin is it can limit the spread 
of pathogens in plant tissues. However, the advantages are only useful to the plants 
but not to the industry especially to the paper industries. Lignin will be removed in 
order to produce fine papers. The present of lignin will contribute problems such as 
acid gives off as the woods deteriorates. The same problem goes to paper and board 
which contain lignin. 
 
 
 The structure of lignin is complex. It makes the cellulose and hemicellulose in 
wood indigestible. It contains benzene ring with a tail of three carbons. It also 
appears to have a lot of internal H bonds making them very resistant to degradation 
process naturally (McCrady, 1991).  Before being produced as papers, the timber will 
undergo certain treatments to remove lignin. Conventionally, the paper industries are 
using the cooking method in order to remove lignin. This method is limited to certain 
time and has to be stopped before all the lignin can be removed. This is because the 
cellulose would be gone too if the treatment is continued. To overcome this, they use 
bleaching method which will remove the remaining lignin. Bleaching method needs 
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the usage of toxic chemicals such as chlorine. In order to get benefit for both industry 
and environment, many studies have been done.  
 
 
 Lignin is one of the most abundant natural polymers on earth. White rot fungi 
are primarily responsible for initiating the depolymerization of lignin in wood. Types 
of lignin degrading enzyme that can be found are such as lignin peroxidase, 
manganese peroxidase, glyoxal oxidase and laccase (Howard et al., 2003). Most of 
these enzyme produced by fungi. Such bacteria that can produce lignin peroxidase is 
Streptomyces viridosporus (Ramachandra et al., 1987). Some previous studies found 
that Phanerochaete chrysosporium also produce lignin degraders enzyme. The 
chemical and physical properties of this fungus are that they grow and degrade lignin 
rapidly. Besides, they also have relatively high temperature optimum and they 
produce no lactase. 
 
 
 A new approach for degrading the lignin has been found in 1982 (Kirk et al., 
1985) where they use the enzyme collected from fungi. But due to the fact that fungi 
are hazardous, other methods in producing the lignin degrading enzymes was found 
in bacteria. The bacteria will be cultivated to extract the enzymes needed and then 
being produced in a large quantity for industrial purpose.  
 
 
 
 
1.2 Objective of the study 
 
 
 The objective of the study is to screen and to characterize microorganism 
from soil that produce the lignin degrading enzymes. 
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1.3 Scope of the study 
 
 
The scope of this study consists of two parts which are:  
 
 
i) Screening of microorganisms from sample soils and  
ii) Characterization of the microorganisms and enzymes using morphology tests 
and enzyme analysis. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Lignocellulose 
 
 
 Lignocellulose can be defined as a combination of lignin and cellulose that 
strengthens the woody plants (Freedictionary.com). lignocellulose is the major 
structural component of woody plants and non-woody plants such as grass and 
represents a major source of renewable organic matter (Howard et al., 2003).  
 
 
 Lignocellulose consists of lignin, hemicellulose and cellulose and table 2.1 
shows the typical compositions of the three components in various lignocellulosic 
materials (Betts et al., 1991). They are the building blocks of all plants and are the 
ubiquitous to most regions on earth.  
 
 
 The chemical properties of lignocellulose make them a substrate of enormous 
biotechnological value. The basic chemical structure of these three compounds in 
lignocellulose has a profound on lignocellulose tertiary architecture (Malherbe et al., 
2002). 
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Table 2.1: Lignocellulose contents of common agricultures waste and residues 
(Howard et al., 2003) 
 
Lignocellulosic 
materials 
 
 
Cellulose (%) 
 
Hemicellulose 
(%) 
 
Lignin (%) 
Hardwood stems 
 
40-55 24-40 18-25 
Softwood stems 
 
45-50 25-35 25-35 
Nutshells 
 
25-30 25-30 30-40 
Corn cobs 
 
45 35 15 
Paper 
 
85-99 0 0-15 
Wheat straw 
 
30 50 15 
Rice straw 
 
32.1 24 18 
Sorted refuse 
 
60 20 20 
Leaves 
 
15-20 80-85 0 
Cotton seeds hair 
 
80-95 5-20 0 
Newspaper 
 
40-55 25-40 18-30 
Waste paper from 
chemicals  
Pulp 
60-70 10-20 5-10 
Primary wastewater 
solids 
 
8-15 NA 24-29 
Fresh bagasse 
 
33.4 30 18.9 
Swine waste 
 
6 28 NA 
Solid cattle manure 
 
1.6-4.7 1.4-3.3 2.7-5.7 
Coastal Bermuda 
grass 
 
25 35.7 6.4 
Switch grass 
 
45 31.4 12.0 
NA= Not Available 
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In degradation of lignocellulose, weak acids tend to remove lignin but result 
in poor hydrolysis of cellulose whereas strong acids occurs under relatively extreme 
corrosive conditions of high temperature and pH in which necessitate the use of 
expensive equipment (Howard et al., 2003). The exact mechanism by which 
lignocellulose is degraded enzymatically is still not fully understood but significant 
advances have been made to gain insight into the microorganisms their 
lignocellulolytic genes and various enzymes involved in the process.  
 
 
 
 
2.1.1  Lignin 
 
 
 Lignin can be defined as a hard material embedded in the cellulose matrix of 
vascular plant cell walls that functions as an important adaptation for support in 
terrestrial species (Campbell, 2002). It is found mostly between cells and also within 
the cells. Lignin holds cellulose and fibers together. The high concentration of this 
recalcitrant polymer is found in the middle lamella, where it acts as a cement 
between wood fibers, but it is also present in the layers of the call wall (especially the 
secondary cell wall), forming, together with hemicelluloses, an amorphous matrix in 
which the cellulose fibrils are embedded and protected against biodegradation. Its 
function is to regulate the transport of liquid in the living plant partly by reinforcing 
cell walls and keeping them from collapsing, partly by regulating the flow of liquid 
and it enables trees to grow taller and compete for sunshine (McCrady, 1991). 
 
 
 As in nature, lignin has been grouped into several types of characteristics 
such as, hardwoods, softwoods and grasses. Each type represents a lot of variations. 
Lignin differs from one species to another and also differs from one tissue to the next 
even in the same plant. Lignin is the major component of the middle lamella region 
of wood, but the most of the lignin is found within the secondary wall.  
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Figure 2.1:  Molecular architecture of woody tissues: (a) bundle of contiguous wood 
cells, (b) wall layers in cut-away view of single cell, and (c) section of secondary 
wall illustrating the relationship of hemicellulose and lignin to the cellulose fibrils. 
Cell wall layers are P (primary): and S1, S2 and S3 (secondary). The middle lamella 
(M.L.) separates the cells (Kirk et al., 1985). 
 
 
 
 
In paper and pulp industries, lignin is the colored material that must be 
removed in pulp bleaching because it is what makes the mechanical pulp fibers stiff 
and makes newsprint turn yellow (Kirk et al., 1985). Lignin is what makes the 
cellulose and hemicellulose in wood indigestible. Lignin is indigestible by 
mammalian and other animal enzymes but some fungi and bacteria are able to 
biodegrade the polymer (Wikepedia.org). Lignin is very resistant to the degradation 
because it being held together with the strong chemical bonds. Lignin is a complex 
polymer in which the building blocks are phenolic compounds. It contains three 
different aromatic alcohol units which are coniferyl alcohol, p-courmaryl alcohol and 
sinapyl alcohol (Howard et al., 2003). Lignin macromolecules in which are mostly 
made of phenylpropanoid units linked each other through different kinds of bonds.  
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 All lignin contain small amounts of incomplete or modified monolignols and 
other monomers are prominent in non-woody plants (Ralph et al., 2001). The 
complexity of lignin is the main cause, why lignin is very hard to be degraded. The 
variety of units in lignin cannot be degraded by a single enzyme because different 
enzymes are needed to break each bond. The structure of lignin was finally 
understood only in 1960s, through pioneering work done primarily in Germany and 
Sweden.  
 
 
 
Figure 2.2: The structure of Lignin (Wikepedia.org). 
 
 
 
 
2.2 Lignin Degrading Enzymes 
 
 
 Lignin has been found to have a very complex structure which contributes to 
the needed of these substrates to be degraded by more than one enzyme. Different 
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